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WOOD CHIP FLINGER AND METHOD OF DENSELY PACKING WOOD 
CHIPS WITH LARGE ANGLE OUTPUT 

This application is a continuation-in-part application of U.S. Patent Application 
Serial No. 10/241 ,725, filed September 1 1 , 2002, and a continuation-in-part of U.S. 
Patent Application Serial No. 10/465,182, filed June 19, 2003, the disclosures of which 
are incorporated herein by reference. 

Background of the Invention 

The present invention relates generally to the field of wood chip processing, and 
more particularly to a machine and associated method for dense packing of wood chips 
for storage, transport, or further processing. 

One major factor in the cost of wood chips for paper making is the cost of 
transporting the wood chips from the chip manufacturing site to the paper mill. The 
wood chips are typically transported in rail cars, but may also be transported in barges, 
trailers, or the like. Typically, the transportation costs are based primarily on the 
number of containers used to ship a given load of wood chips. As more densely packed 
containers means that fewer containers are required to ship a given amount of wood 
chips, it follows that more densely packed containers will generally supply more useable 
wood chips to the paper mill at a lower transportation cost. 

Space considerations are also relevant in the storage and processing of wood 
chips. For instance, the storage of wood chips on site, such as at a pulp mill, consumes 
space. As such, it is advantageous to have the wood chips densely packed when 
"stacking" the wood chips for storage. Similarly, many methods of processing wood 
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chips include batch processing steps that take place in pressure vessels, or other 
containers, that have fixed volumes. If additional wood chip materials can be packed 
into the containers, the batch process can likely be made more efficient. 

Even with these considerations, many wood chip transporting, storing, and/or 
5 processing approaches rely on either conventional free-fall techniques or on techniques 
that result in packing densities of typically not more than 17% improvement over free-fall 
techniques. 

Accordingly, there remains a substantial need in the industry for alternate wood 
chip handling techniques that allow for higher packing densities. 

10 

Summary of the Invention 

A wood chip handling device of the present invention allows wood chips to be 
packed (or, synonymously "stacked") with a density greater than that achieved using 
conventional free-fall techniques. Preferably, the device packs the wood chips at a 
1 5 density that is at least 20% more than that achieved with the conventional free-fall 
techniques. 

In one embodiment, the wood chip handling device includes a drum disposed so 
as to rotate about a generally horizontal axis and spinning at a rate of about 50 rpm or 
more, and advantageously 150 rpm or more. The rotating drum includes a plurality of 
20 outwardly extending blades. The blades may have a leading face with at least a first 
face section that extends in a first direction and at least a second face section extending 
at a forward angle relative to the first face section. For example, the blades may have a 
leading face with a first face section that extends from a peripheral surface of the drum 
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in a direction generally normal to the peripheral surface and a second face section 
disposed more outward from the axis than the first face section, the second face section 
extending at a forward angle relative to the first section. The first and second face 
sections may be generally planar, and are preferably, but not necessarily, contiguous. 
The output from the drum, when an input stream of wood chips is fed to the drum, 
covers an arc of at least 90°, typically in the range of 90°-120° and generally 
downwardly facing, when viewed from a position along the horizontal axis spaced away 
from the drum. The device may further include a motor operatively connected to the 
drum and supplying rotational power thereto, a feed chute disposed upstream from the 
drum and supplying the input stream of wood chips to the drum, and/or a container for 
receiving the output. The feed chute may include a baseplate and a plurality of divider 
walls moveably mounted to the baseplate, wherein the divider walls control the relative 
flow ratios of the input stream to a first side portion, a center portion, and a second side 
portion of the drum. As indicated above, the output stream from the device 
advantageously causes a pile of wood chips to be formed a packing density factor of at 
least 1 .20, or at least 1 .25 in some embodiments. The pile may be in a container, e.g., 
a railcar or barge, or may be on the ground or other open surface. 

Brief Description of the Drawings 

Figure 1 shows one embodiment of the device of the present invention employed 
in a wood chip loading station for filling railcars. 

Figure 2 shows a side view of one embodiment of the device of the present 
invention. 
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Figure 3 shows a perspective view of the baseplate assembly of the embodiment 
of Figure 2. 

Figure 4 shows a simplified top view of the drum and deadwall of one 
embodiment. 

5 Figure 5 shows a side view of the drum of Figure 4 with the near endcap 

removed. 

Figure 6 shows a simplified perspective view of a drum of another embodiment 
where the drum has flinging blades of an alternative design. 

10 Description of the Preferred Embodiments 

In order to provide a better understanding of the present invention, one 
embodiment of the wood chip handling device according to the present invention is 
shown in Figure 1 in the context of a wood chip loading station 10 for filling railcars 12. 
The wood chip handling device, generally indicated at 20, is shown installed in a tower 

15 structure 16 that extends above a rail line with a railcar 12 thereon. Wood chips 5 are 
fed to the handling device 20 in the tower 16 by any suitable means, such as by 
conventional conveyor system 14 (only the output funnel of which is shown for clarity), 
or alternatively via a pneumatic means into a cyclone, or by other like means known in 
the art. While the input feed system (e.g., conveyor system 14) is shown with only one 

20 output, it should be understood that the input feed system may have multiple outputs, 
such as in a so-called "pants leg" inverted "Y" system known in the art, advantageously 
with a handling device 20 at each output. The handling device 20 takes the input 
stream of wood chips from the conveyor 14 and directs it into the railcar 12 so that the 
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wood chips 5 are relatively densely packed in the railcar 12. In most applications, the 
railcar 12 will be moved underneath the handling device 20 during the loading process 
so as to fill the entirety of the railcar's length, but the device 20 (with or without the tower 
16) may alternatively be moved while the railcar 12 is held stationary, if desired. 
5 One embodiment of the handling device 20, sometimes referred to herein as the 

"flinger," includes a frame 22, a motor 24, a feed chute assembly 30, and a drum 80. 
See Figure 2. The frame 22 supports the motor 24, feed chute assembly 30, and drum 
80, and may take any suitable form known in the art, such as welded assembly of angle 
iron. The motor 24 supplies rotational power to the drum 80, typically via a pulley and 

10 belt arrangement (not shown in detail). The motor 24 may be of any type known in the 
art, but is typically an electric motor of approximately fifteen horsepower or more. 

Disposed above the drum 80, and between the drum 80 and the conveyor 
system 14, is a feed chute assembly 30. Referring to Figures 3-4, the feed chute 
assembly 30 includes a sloped baseplate assembly 40 and an optional deadwall 60 

1 5 towards the output end 50 thereof. The baseplate assembly 40 of a preferred 

embodiment includes a baseplate 42 and dividers 46. The baseplate 42 is a sturdy, 
substantially rectangular plate with side flanges 44. The baseplate 42 is disposed in a 
tilted orientation, so that the input end is higher than the output end 50. The output end 
50 preferably has a stepped profile, with a center section 52 flanked by respective side 

20 sections 54, and corresponding transition sections 56. The center and side sections 
52,54 are preferably straight and parallel to one another, with the center section 52 
ending later than the side sections 54. The transition sections 56 provide a transition 
between the center section 52 and the side sections 54. In a preferred embodiment, the 
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overall appearance of the output end 50 of the baseplate 42 is that of a trapezoid 
tongue as shown in Figure 4, but this is not required. 

Two dividers 46 may be moveably attached to the baseplate 42 so as to be 
selectively positioned by pivoting about corresponding pivot points 47 (e.g., shouldered 
5 bolts extending through the baseplate 42). The location of the upper ends of the 

dividers 46 may be adjusted with respect to the baseplate 42 using a suitable adjusting 
mechanism 48. By way of non-limiting example, the adjusting mechanism 48 may take 
the form of a crank and threaded rod arrangement, with suitable pivoting connections 
between the tops of the dividers 46 and the threaded rods. Of course, other means 

1 0 known in the art may be used to control the position of the upper ends of the dividers 
46. Whatever means is selected, it will be advantageous to position the controls thereof 
(e.g., the crank) so as to allow easy access thereto by a user during operation of the 
handling device 20. The purpose of the dividers 46 is to control the flow ratio of the 
wood chips flowing down the baseplate assembly 40 to the center 82 and side portions 

15 84 of drum 80. 

The deadwall, or directing wall, 60 is a generally vertical wall that acts to focus 
the flow of the wood chips flowing down the baseplate assembly 40 generally vertically 
onto the drum 80. As shown in Figure 4, the deadwall 60 may include a center section 
62, flanking side sections 64, and appropriate offset sections 66 therebetween. The 

20 center and side sections 62,64 are preferably straight and parallel to one another, and 
preferably are disposed a height from the center of drum 80. The offset sections 66 are 
preferably generally perpendicular to the center and side sections 62,64 and are 
likewise disposed at a height from drum 80. Thus, the deadwall 60, when viewed from 
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above, preferably has the shape shown in Figure 4. It should be noted that the offset 
sections 66 may simply connect the center and side sections 62,64; or, alternatively, the 
offset sections 66 may be longer such that they extend toward the feed chute baseplate 
assembly 40 to a point beyond the intersection with the side sections 64 as shown in 
5 Figure 4. This optional "extra" length for the offset sections 66 is believed to aid in 
achieving the desired side-to-side balance of wood chips being supplied to the drum 80. 
Further, the deadwall 60 should be located, and be of sufficient height, so that the wood 
chips from the baseplate 42 impact in the vertical middle of the deadwall 60. The 
bottom of the deadwall 60 should be relatively close to the drum 80, with a clearance 

10 therebetween of Vz to three inches believed advantageous when the baseplate 

assembly 40 is disposed on the drum's rotationally downstream side of the deadwall 60. 
In addition, the side profile of the bottom of the deadwall 60 may be angled or curved to 
follow the contour of the drum 80 if desired. 

The deadwall 60 is located forward of the output end 50 of the baseplate 

1 5 assembly 40, so that a substantial gap is formed therebetween to allow passage of the 
wood chips without jamming as the wood chips change flow direction. Further, while 
the deadwall 60 may be located prior to top dead center (behind the rotation axis 86 of 
the drum 80), the deadwall is advantageously located at a position that is beyond top 
dead center of the drum 80 (see Figures 2 and 4). The center section 62 of the 

20 deadwall 60 may be narrower than the center section 52 of baseplate 42 by about an 
inch, with the transition sections 56 of the baseplate 42 extending laterally 
approximately another two inches. Of course, the gap size is at least partially governed 
by the spacing between the output end of the baseplate assembly 40 and the location of 
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the deadwall 60. The position of the deadwall 60 relative to the baseplate 42 and/or 
drum 80 may be permanently fixed; however, the position of the deadwall 60 may be 
adjustable (for instance, ± 3 inches) in some embodiments of the present invention, 
such as by mounting the deadwall 60 using bolts, with multiple bolt holes provided in the 
5 frame 22. It may be advantageous to vary the gap size, nominally ten to twelve inches, 
in proportion to the desired output rate of the device 20. 

While the space above the baseplate 42 of the feed chute assembly 30 may be 
open, the feed chute assembly 30 may optionally include a cover (not shown) spaced 
from the baseplate 42 to help contain any errant wood chips. The optional cover may 

1 0 extend above the top of the deadwall 60, and be spaced therefrom, so as to provide an 
overflow route, if desired. 

The drum 80 is mounted for rotation about a generally horizontal axis 86, and 
supported by the frame 22. The drum 80 may be mounted to an axle 106, which may 
be a central shaft or a pair of stub shafts, which is in turn supported by suitable bearings 

15 mounted to the frame 22. As indicated above, the axle 106 should have a pulley, gear, 
or like means for accepting non-gravitational rotational power to turn the drum 80, such 
as from motor 24. The drum 80 includes a main body core 90 with a plurality of 
outwardly extending blades 100, and preferably a pair of lateral endcaps 94. The main 
body 90 of the drum 80 may have a circular cross-section, but preferably has a faceted 

20 cross-section, such as an octagonal cross-section as shown in Figure 5. The blades 
1 00 are mounted to the core 90 so as to extend away from the surface thereof; for 
instance, the blades 100 may extend generally perpendicular from the corresponding 
facet 92 forming the perimeter of the drum's core 90. The blades 100 should preferably 
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extend from one lateral endcap 94 to the other. Each blade 100 may be a single 
straight piece, disposed generally parallel to the axis of rotation 86; alternatively, each 
blade 100 may advantageously include at least two sections 102 that angled with 
respect to one another, such as by an angle that is twice angle a For instance, as 
5 shown in Figure 4, each blade 1 00 may have left and right portions 102 that meet in the 
center of the core 90 and are angled with respect to one another such that angle a is 
1°-45°, preferably about 2°-30, and more preferably about 3°-10°. When this 
arrangement is viewed from above (see Figure 4), each facet 92 of the drum's core 90 
appears to have a chevron shaped blade 100 thereon; this chevron may point counter 

10 to the direction of rotation, but advantageously points in the direction of rotation. Each 
blade 100 may have an approximately uniform height across its width, and the blades 
100 are preferably substantially identical, but neither aspect is strictly required for all 
embodiments. A reinforcing gusset 104 may extend circumferentially from one blade 
100 to the next blade 100. 

1 5 When the entire leading surface of the blades 1 00 are disposed so as to be 

generally normal to the peripheral surface of the core 90 of drum 80 as shown in Figure 
4, the output stream of wood chips flung from the drum is believed to be limited to an 
angular arc of substantially less than 90°, typically on the order of 60°. That is, when 
viewed from the side at a position along the axis 86, the output of wood chips from the 

20 drum 80 with such blades 1 00 falls within an arc, centered on the axis 86, of 
substantially less than 90°. The inventor has recently discovered that alternative 
configurations of the blades 100 may provide a wider angle of output, thereby allowing 
for a more efficient process of handling the wood chips. 
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Referring to Figure 6, the alternate blade design divides the leading or front 
surface 1 10 of the blades 100 into at least two sections, so that a portion of the blade is 
angled forward (in the direction of rotation of the drum 80) relative to another portion of 
the blade. In one simple embodiment, each lateral half of the forward face 1 1 0 of the 
5 blade 1 00 is divided into a base section 1 1 2 and a canted section 1 1 4 that is angled 
relative to the base section. The base section 1 12 connects to the periphery 92 of the 
core 90 of the drum 80 and extends outward generally normal thereto. The canted 
section 1 14 is angled forward (in the direction of rotation) with respect to the base 
section 112. Both the base section 112 and the canted section 114 may be generally 

10 planar, although this is not required in all embodiments. The base section 1 12 and 

canted section 1 14 may be formed by simply bending a single integral blade plate in the 
appropriate fashion. Alternatively, the canted section 1 14 may be a separate plate 
welded or otherwise connected to base section 1 12. The canted sections 1 14 may be 
disposed in a plane generally parallel to axis 86 or may advantageously be skewed with 

1 5 respect to axis 86. For instance, the canted sections 1 1 4 has a generally triangular 
appearance when viewed face on (e.g., forming a point at gusset 104 and at least the 
full height of the blade 100 at the endcaps 94). For embodiments with a triangular 
shape to the cant section 114, the relevant cant angle X may be defined as the angular 
separation, at the plane of endcap 94, between a theoretical radial line running through 

20 the intersection of the canted section 1 14 and the base section 1 1 2, and the plane of 
the cant section 114. This cant angle X is typically in the range of 25° to 45°, and 
advantageously on the order of 35°. 
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Like the blade configuration shown in Figure 4, the base section 1 12 of the 
modified blade configuration of Figure 6 may be disposed in a chevron arrangement. 
With such an arrangement, the tops of canted section 114 may be disposed generally 
parallel to axis 86, although this is not required in all embodiments. 
5 It may be advantageous to add a planar or convexly curved filler cap 1 1 6 to close 

off any gap between the canted sections 1 14 and a corresponding hidden extension, if 
any, of the corresponding base section 112 (not forming a portion of the front face due 
to the presence of the canted section 114). These filler caps 116 may serve the dual 
function of preventing wood chips from being accidentally trapped in the drum 80 and 

10 reinforcing the upper portion of the canted section 1 14. Further, to aid in proper chip 
flow, the height of the canted sections 1 14 should be higher than that of the flange 94, 
such as by approximately VA> inches, and the filler caps 116 should be downwardly 
angled, such as by 30°-60°. Of course, the canted sections 1 14 may alternatively 
extend to a greater or lesser extent. 

15 Thus, the canted sections 1 14 form a significant portion of the total surface area 

of the forward face 1 1 0 of the blades, typically on the order of 50% of the surface area, 
although other proportions (e.g., 20%-80%, such as 25%, 33%, 66%, 75%) are within 
the scope of the present invention. Further, it should be noted that each blade 100 may 
or may not have canted sections 114. Thus, while it is believed to be advantageous to 

20 have substantially identical blades 100, such is not required for all embodiments. 

With the addition of the canted sections 1 14 to the blades 100, the angular arc p 
of the output pattern may be increased to be more than 90°, and optionally up to 
approximately 1 80°. It is believed that increasing the distance of the canted sections 
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1 14 from the axis 86, increasing the cant angle X, and increasing angle a should all 
increase the angular arc p of the output pattern. In response to the increased angular 
arc p of the output pattern, it may be advantageous to add suitable deflectors internal to 
the device 20 so as to reduce scatter and constrain the output, for instance to an arc p 
5 of generally 120°. For instance, a simple vertical deflector wall may be added on the 
downstream side of the device 20 (from the perspective of the rotational direction of the 
drum 80) that extends down to about the lowest level of the drum, and an simple 45° 
deflector wall (generally parallel to the feed chute 30) may be added to the upstream 
side of the device 20. 

1 0 While the discussion above has been in terms of the blade's forward face 1 1 0 

being divided into two sections 1 12,1 14, it should be understood that the blade's 
forward face 110 may be divided into more than two sections, some of which may be 
canted forward (possibly at various angles) and others of which may not, and such 
configurations are intended to be within the scope of the present invention. Further, it 

15 should be noted that, within the context of the present invention, a blade 100 with 

forward face 110 having a curving profile is considered to have at least two sections, at 
least one of which is angled with respect to another, regardless of whether or not the 
curve profile has a uniform radius of curvature. 

One example of the handling device 20 of the present invention may be made 

20 using a drum 80 with a diameter of approximately thirty inches, approximately 48 inches 
in width, and an octagonal cross-section of approximately seven inch wide facets 92. 
The blades 100 may be approximately six inches in height, with two sections of 
approximately 24-1/8 inches meeting at an angle a of approximately 8°, and spaced at 

12 
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intervals of approximately seven inches. The generally planar base sections 1 12 are 
formed from the main material of the blade 100, and generally planar canted sections 
are welded thereto so that the height of the canted section 1 14 is seven and one-half 
inches at the endcaps 94 and tapers across the approximately twenty-four inch length of 
5 the blade section 102 to almost zero at the middle of drum 80. The gussets 1 04 may be 
approximately three inches in height. The baseplate 42 of the feed chute assembly 30 
may be at a 45° angle, with the 24-30 inch high deadwall 60 positioned such that the 
center section 62 is approximately five inches after top dead center and the side 
sections 64 are approximately ten inches after top dead center, for a gap between the 

1 0 deadwall 60 and the baseplate 42 of approximately ten to twelve inches. The extra 
length for the offset sections 66 may be two inches. The vertical gap between the drum 
and the deadwall may be V* to three inches, with a smaller gap believed to be more 
advantageous. The pivoting divider walls 46 may be made adjustable, with a target 
distribution of 25%-50%-25% for feeding to the left 84, center 82, and right 84 portions 

15 of the drum 80 respectively. The deadwall 60 and feed chute assembly 30 may be 
formed of Va inch stainless steel, with the other portions of the device 20 contacting the 
wood chips may advantageously made from 1 /4 inch abrasion resistant (AR) steel, 
although other materials known in the art may serve equally well. The velocity of the 
drum 80 at the periphery thereof may, for example, be on the order of 2500-3000 ft/min. 

20 It should be noted that in order to minimize the escape of errant wood chips 

during loading, the frame 22 may advantageously include additional scatter shields at 
appropriate locations. The shield locations generally include on either side of the feed 
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chute assembly 30, and slightly downstream from the drum 80, but these locations may 
vary depending on the details of a particular installation site. 

The handling device 20 may be used to load wood chips, and particularly 
uniformly-sized paper making wood chips, into a pile, either on the ground or in a 
5 suitable container. Representative examples of suitable containers include railcars 12, 
ships, barges, trailers, storage bins, and process containers such as digestion 
chambers. Using a railcar 12 as an illustrative example of a container, the device 20 is 
mounted to the tower 16 of the loading station 10. The railcar 12 is positioned below 
the handling device 20, and motor 24 is started to start the drum 80 rotating. Before 

1 0 feeding wood chips to the device 20, the drum 80 should be rotating at a rate of at least 
approximately 50 rpm, more particularly at least about 200 rpm, and more particularly at 
approximately 300 rpm. When the drum 80 is spinning properly, wood chips are 
supplied to the feed chute assembly 30 by the conveyor system 14, falling as an input 
stream 200 to the drum 80. The wood chips fall to the drum 80 and are then flung by 

1 5 the blades 1 00 of the spinning drum 80. The output stream of wood chips leaving the 
drum 80, when the drum 80 has the blades 100 with canted portions as described 
above, flows both forward and rearward from the drum 80. Indeed, the output stream 
covers an arc p of typically 90°-120°, centered about the axis 86 of the drum 80. When 
viewed from above, the output pattern of the wood chips advantageously has a 

20 generally rectangular shape, with perhaps a slight narrowing towards the middle. The 
wood chips flung from the drum 80 are captured by, and form a pile in, the container 12. 

Even with a generally rectangular output pattern, there may be an undesirable 
side-to-side distribution of the wood chips within the output pattern. For instance, the 
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distribution of wood chips in the output pattern to the middle subsector, right side 
subsector, and left side subsector may be uneven and/or otherwise undesirable for 
some reason (e.g., output shifted left of center, leaving right side subsector relatively 
unfilled). If the optional variably positioned dividers 46 are employed, then the ratio of 
output flow to the various subsectors may be adjusted by the operator during operation 
(via adjusting mechanism 48) to reach the desired ratios. Of course, adjustments can 
also be made to the drum 80 rotational speed and to the wood chip supply rate from the 
conveyor system 14. 

While the exact principles are not fully understood, the handling device 20 of the 
present invention is able to pack wood chips at density substantially higher than 
so-called free-fall loading. In free-fall loading, the wood chips from the conveyor system 
14 are directed to a pile, in a container or otherwise, via a simple chute system. 
Examination of free-fall loaded wood chips "packed" in the pile show that they land with 
widely varying orientations, sometimes referred to as "jack strawed" (like unstacked 
firewood), resulting in non-optimum density. In contrast, the wood chips loaded via the 
present device 20 land with a substantially consistent orientation, resulting in increased 
density. 

The actual packed density achieved is expected to vary depending on variations 
in size and moisture content of the wood chips, and possibly on rotational speed of the 
drum 80. However, a simple ratio, referred to herein as the packing density factor, can 
be used to quantify the improvement provided by the present invention. The packing 
density factor is simply the ratio of the weight of wood chips in a given volume when 
packed with the test device 20 divided by to the weight of the same volume of the same 
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type wood chips (i.e., same size and moisture content), packed using the free-fall 
method. For instance, it is expected that a common 7100 ft 3 railcar loaded with wood 
chips using the free fall method will have approximately seventy-seven tons of wood 
chips. It is expected that if the same type wood chips are loaded using the device 20 of 
the present invention, the 7100 ft 3 railcar could hold approximately one hundred tons of 
wood chips. Using these values, the packing density factor for the present invention 
would be 100/77 = 1 .30. Clearly, substantial improvements in packing may be achieved 
using the present device 20, with resulting packing density factors in the range of 1 .20 
to 1 .35 or higher. For reference, these type of packing density factors typically 
correspond to densities of 26.0 pounds/ft 3 to 29.3 pounds/ft 3 or more. 

It should also be noted that most prior art devices which rely on a distribution 
device that spins about a generally vertical axis (e.g., of the type shown in U.S. Patent 
Publication Number 2002/0076308) tend to create round output patterns covering 
substantially a full 360°, which are ill suited to filling rectangular containers. As the 
majority of wood chips shipped between domestic locations are shipped by rail, using 
rectangular railcars 12, the preferred embodiments of the present invention are more 
suited to the needs of the industry. 

The densely packed output from the flinger 20 is useful in densely packing wood 
chips in a variety of containers, and even for stacking wood chips on the ground. For 
example, many wood pulp mills receive wood chips generated at other locations and 
then store the wood chips as inventory for subsequently making wood pulp. It is 
common for this "inventory" of wood chips to be stored in a pile on the ground, such as 
on rough cleared land or on a concrete pad. In the prior art, this inventory pile is 
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typically formed by the wood chips falling off the distal moving end of an inclined boom, 
with the wood chips routed thereto by a conveyor that runs along the boom. The booms 
may be track-guided linear motion booms, or may be rotating type booms. In the former 
case, the resulting pile of wood chips is typically an elongated mound; in the later case, 
5 the resulting pile of wood chips has an arc or annular shape when viewed from above, 
as dictated by the rotating boom. In both cases, the resulting pile is rather loosely 
packed, as it is formed by a free-fall process, with densities generally in the range of 
19-23 pounds/ft 3 . The flinger 20 of the present invention may be used in such situations 
to allow more chips to be stored in the same space, by packing the chips with 

1 0 significantly higher density compared to the conventional free-fall technique, typically on 
the order of 25-30 pounds/ft 3 . Thus, the pile may be said to have a packing density 
factor of 1 .20 or more, and preferably a packing density factor of 1 .3 or more. 

The dense packing advantage of the flinger 20 may also be used to improve the 
efficiency of various processes that use wood chips. For instance, the "digesting" 

15 process well known in the wood pulp industry uses wood chips loaded into a digestion 
chamber with various chemicals to generate wood pulp with the general consistency of 
mashed potatoes. The digestion chamber is operated in a batch mode, with the wood 
chips and chemicals added, the digestion chamber (container) closed, and heat, high 
pressure steam, or the like, added for a specified period of time, and then the digestion 

20 chamber is unloaded and the process repeated on a new batch. The conventional 
technique for loading wood chips into the digestion chamber is to have the wood chips 
free-fall from a conveyor into an opening in the top of the container. Instead, according 
to the present invention, the flinger 20 may be interposed between a conveyor system 
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14 and the opening. The input stream of wood chips is fed to the rotating drum 80 of 
the flinger 20 so that the wood chips are redirected and flung into the digestion chamber 
with a preferential orientation so as to be packed therein more densely. The wood chips 
packed in the digestion chamber using the present technique may have a packing 
5 density factor of 1 .20 or more, and preferably a packing density factor of 1 .3 or more. 
The usual digesting chemicals may be added before, during, or after the wood chip 
loading, with the amounts thereof adjusted to accommodate the increased weight 
quantity of wood chips present in a batch. The process may then continue as in the 
conventional digesting technique. By using the flinger 20 to aid in densely packing the 

10 wood chips in the digestion chamber, more wood chips may be processed by a given 
piece of equipment in a given time period, resulting in a more cost effective process. 

The discussion above has described a device 20 using a single rotating drum 80. 
In most applications, this will be sufficient. However, the present invention is not limited 
thereto, and devices 20 employing a plurality of drums 80 rotating about one or more 

15 generally horizontal axes 86 are intended to be encompassed by the present invention. 
The most likely arrangement for such a multiple drum 80 arrangement would be to have 
the drums 80 located coaxially, in a manner easily understood by one of ordinary skill in 
the art based on the teachings of the present application. 

The increase in packing density readily achieved by the present invention has 

20 clear benefits to the industry. In the simplest terms, more wood chips can be packed 
into a smaller space, thereby lowering transportation, storage, and processing costs. 
Further, given the substantial increase in packing density achieved, the cost savings 
can be considerable. 
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Under some circumstances, the additional packing density provided by use of the 
present flinger 20 may cause certain containers to be become overweight and/or 
unbalanced. For instance, railcars 12 packed using the flinger device 20 may be loaded 
with wood chips to a weight that is more than allowed. As such, the inventor has 
5 developed a method of filling containers, such as railcars 12, using the flinger device 20 
that allows for tighter control of the filling process to avoid overfilling and/or undesirable 
unbalanced loading. In the method, the filling results of the preceding container(s) are 
used as inputs to a feedback control loop to control the filling of the current container. 
The current container is initially filled to a predetermined point with "dense-pack" 

10 material using the flinger 20 as described above. The predetermined point may be a 
certain amount of loading time, or a certain weight of material, or to a certain height 
within the container. The container is then further filled to the desired volume level by 
filling with "loose-pack" material. The "loose-pack" material may be loaded into the 
container by simply turning off the rotational power to the drum 80, resulting a modified 

15 form of free-fall output of material; alternatively the "loose-pack" material may be output 
from a different leg of a "pants leg" chute system (one that does not have a flinger 20). 
The current container is then subjected to evaluation (e.g., weight measurement) to 
determine the loading conditions for the next container. In this fashion, the ratio of 
"dense-pack" to "loose-pack" materials may be adjusted from container to container to 

20 assure that the containers are not over-weighted. 

In addition to problems with too much weight overall, the containers filled using a 
flinger 20 may be subjected to uneven loading. For instance, if the front portion of a 
railcar 12 is filled with "dense-pack" material using the flinger 20, but the desired total 
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amount of "dense-pack" material is reached before the back portion of the railcar 12 is 
substantially loaded, and the remainder of the railcar 12 is filled with "loose-pack" 
material, then the front portion of the railcar 12 will be heavier than the back portion of 
the railcar 12. Thus, while the overall weight of the railcar 12 may be acceptable, the 
5 front wheel carriage of the railcar 12 may be carrying more than Vz of the acceptable 
weight. As most railroads do not allow the respective front and rear wheel carriages to 
carry more than Vz of the maximum allowed weight per railcar 12, such a loading 
condition would be undesirable. In order to combat this, the height, and thus the 
volume, of the fill for the "dense-pack" material may be set at a certain uniform level for 

1 0 a railcar 1 2 and monitored with suitable monitors (e.g., optical sensors, scales for 

railcar, belt scales on the conveyor 14, etc.). This level, referred to as a packing depth, 
could be adjusted from railcar to railcar based on the actual measured weight for the 
preceding railcar. For example, if railcars are filled to the packing depth with "dense- 
pack material" and then filled to the volume limit with "loose-pack" material, all railcars 

1 5 would appear to be full. If the overall weight of railcar N-1 measured after filling is less 
than the upper weight limit, then the packing depth of railcar N could be raised the 
appropriate amount. Conversely, if the overall weight of railcar N-1 is more than the 
upper weight limit (perhaps minus some guard band amount), then the packing depth of 
railcar N could be lowered the appropriate amount. Thus, the ratio of "dense-pack" 

20 material to "loose-pack" material could be adjusted to get the maximum weight of 
material in each railcar 12 while having all railcars appear to be full to the naked eye. 
Of course, the feedback control loop of such a process may consider more than the 
immediately preceding railcar (e.g., a running average of the preceding three railcars), 



C&BRef. 4946-006 

and suitable default starting values could be established, depending on the level of 
sophistication desired. Further, one of ordinary skill in the art will recognize that other 
containers could also be filled using this technique, with barges being another likely 
application of the technique. 

As will be understood by one of ordinary skill in the art, the filling process may be 
manually controlled by an operator as described above. Alternatively, as suitable 
electronic controller, such as a programmable logic unit (not shown) programmed with a 
control program as outlined above, may be employed. Such an electronic controller 
should advantageously be connected to the corresponding sensors, etc. 

While the invention has been illustrated and described in detail in the drawings 
and foregoing description, the same is to be considered as illustrative and not restrictive 
in character, it being understood that only some embodiments have been shown and 
described and that all changes and modifications that come within the meaning and 
equivalency range of the appended claims are intended to be embraced therein. 
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